This study employs a stochastic gravity model to estimate the efficiency performance of Vietnam's trade with its main trading partners from 1995-2015. Trade efficiency is measured as the ratio of actual trade volume to the maximum likelihood. Moreover. it analyzes the effects of both natural and man-made trade barriers on trade efficiency. The empirical results suggest that the actual trade of Vietnam appears to be much smaller than a possible efficiency level and that there is large space for further progress. Export efficiency outweighs that of import. Vietnam's ASEAN Free Trade Agreement membership has, in general, improved the trade efficiency, whereas tariffs and domestic devaluation have impaired it. Our findings lead to the recommendation that Vietnam should join more Free Trade Agreements and break down the man-made barriers.
Introduction
Free Trade Agreements (FTAs) have become increasingly prevalent since the early 1990s as an effective instrument to foster trade. In the year 2016 the cumulative number of physical FTAs in force was 267. International trade plays an important role in stimulating the Vietnam's economic development. In order to promote international trade, the responsible Vietnamese authorities have dynamically grown the number of FTAs with its trading partners. As of the beginning of year 2017, Vietnam has signed eleven FTAs. Six out of eleven FTAs were countersigned as a member of ASEAN Free Trade Area (AFTA). The trade volume with these countries (China, Korea, Japan, Australia and New Zealand, India, and Chile) has witnessed a substantial rise.
FTAs offer both advantages and disadvantages. In terms of the benefits, trade creation's effect arises from the abolition of trade barriers such as tariffs on domestic goods and those of other members; when it comes to the drawbacks, trade diversion's effect exists due to the birth of some kinds of non-tariff accompanying with FTA that induce production and administrative cost. A large number of seminar works have questioned which effect is dominant. A positive and significant impact on trade flows among members in the European Community was shown by several economists (Aitken, 1973; Abrams, 1980; Brada & Mendez, 1983) . Bergstrand (1985) pointed out insignificant effects, whereas Frankel and Wei (1996) found mixed results. Close to our study of AFTA's effects on Vietnam trade is Le, Nguyen, and Bandara (1996) , Nguyen (2009) , and Narayan and Nguyen (2016) . However, they all used the conventional gravity model in trade analysis proposed by Tinbergen (1962) and found a positive impact of AFTA on Vietnam's bilateral trade. FTAs have always faced various barriers in the execution phase including but not limited to governmental trade barriers, resistance from domestic industrial leaders, opposition from labor syndicates, etc. (Aghdaie et al., 2012; Riasi, 2015) . Therefore, in order to have an effective FTA it is necessary to engage all the parties that will be impacted by the FTA before the agreement comes into effect (Riasi & Amiri Aghdaie, 2013) .
In this study, we aim to investigate how AFTA and trade barriers affect Vietnam's trade efficiency. Trade efficiency is defined as the ratio of Vietnam's actual trade to its potential trade, which is estimated with a stochastic frontier gravity model. We simultaneously analyze export and import flow. Our numerical results imply that Vietnam's exports and imports with a lot of its trading partners are far from its efficient level with the former exceeding the latter. Joining AFTA improve the Vietnam's trade efficiency. Man-made trade barriers have been introduced for some goods reasons, but they only benefit some limited sectors. For instance, infant industries in both developed and developing countries have been protected by those barriers under a high level of global competition. In general, it is essential to eradicate man-made trade resistance so as to narrow the gap between actual trade and trade frontiers.
Literature Review
The growth in Vietnam's international trade has motivated economists to find out the determinants of this phenomenon. Le et al. (1996) analyzed the trade between Vietnam and 17 Asia-Pacific Economic Cooperation (APEC) countries. They found that economic size and geographical distance are crucial in driving the intraregional trade volumes. They claimed that artificial barriers to trade reduce their adverse effects on Vietnam's trade compared to the 1980s. Nguyen and Xing (2008) examined the effect of Foreign Direct Investment (FDI) from 23 countries on the Vietnam's exports. Their empirical results suggest that FDI is one of the key factors in determining the boom of Vietnam's exports. Thanh and Duong (2011) , however, show that FDI inflow boosts Vietnam's exports but the magnitude is limited. They mainly attribute the rapid growth of Vietnam's exports to the improvement in the level of national competitiveness and in the external trade opportunities. Narayan and Nguyen (2015) investigated the bilateral trade between Vietnam and 54 trading partners in the period 1986-2010. They found out that the impact of trade gravity variables is contingent on trading partners. They proposed that the level of economic development should be focused on when to design and implement trade policy.
All of the above papers utilize the conventional gravity model invented by Tinbergen (1962) . Anderson and Wincoop (2003) claimed that the estimates of this model could be biased because the conventional gravity model cannot control the resistances to trade such as distance and official barriers to trade; most of them are hard to quantify and therefore they are added into the unobserved disturbance term (Baier & Bergstrand, 2009 ). Our study makes use of the stochastic frontier gravity analysis to solve the problem of with the unobservable resistances to trade. Armstrong (2007) said that this type of method is acceptable and appropriate, and thus can be used to estimate the unobservable resistances to trade. By using two-way errors, our study is closed to research by Nguyen (2009) which applies the Hausman-Taylor method to examine the effect of AFTA on export flows using panel data. But we differ from them in two main points: first, we focus on the trade efficiency; second, we divide trade barriers into natural and man-made categories and this leads to 2-step estimation.
Methodology: Stochastic Frontier Gravity Model and Trade Efficiency
This paper employs a modified version of gravity model that is one of the main paradigm of numerical analysis on international trade and FTAs' effects. Canonical gravity models estimate the mean effects of driving factors of trade. Actual trade amounts are beneath the highest possibility levels due to the existence of both natural and man-made barriers. As a consequence, the gap between actual and maximum trade always exists and it could be measured by using disturbances with non-zero and non-negative mean. Kalirajan and Findlay (2005) proposed a method to estimate trade potential with gravity model motivated by the seminar works of measuring production possibility frontiers. Trade potential is defined as the highest feasible trade that can be reached without man-made barriers.
As in Armstrong (2007) , the form of stochastic frontier gravity equation is given as follows:
;
where X it is the bilateral trade between Vietnam and country i, f(Y it , β) captures factors which determine the potential trade (Y it ) without man-made resistances -and β represents a vector of unknown parameters which will be estimated. Both u it and v it are error terms. While the single-sided error term, u it is technical inefficiency that captures the man-made resistances, v it represents the impact on trade of the rest of variables. u it lies between 0 and 1 and it is assumed to have a non-negative truncated normal distribution with a mean of μ at a . The double-sided error term v it , that is assumed to be normally distributed with a mean of zero and , captures the measurement and specification error.
Specifically, we assign the model as follows:
LnEX it = β 0 + β 1 LnGDP it +β 2 LnGDPVN t + β 3 LnD i + β 4 LL i + β 5 RA i + β 6 P it + β 7 PVN t + β 8 T + v it -u it (2)
LnIM it = β 0 + β 1 LnGDP it +β 2 LnGDPVN t + β 3 LnD i + β 4 LL i + β 5 RA i + β 6 P it + β 7 PVN t + β 8 T + v it -u it (3)
Where EX it and IM it are the actual export and import value of Vietnam with country i at year t respectively; GDP it and GDPVN t are the gross domestic product of country i and Vietnam at year t; GDP is used as a proxy for economic size; D i is the weighted distance between Vietnam and country i (Head & Mayer, 2010) ; LL i is a dummy variable, taking value 1 if country I is landlocked, 0 otherwise; RA i is defined as the relative land area between country i and Vietnam; P it and PVN t capture the population of country i and Vietnam respectively. T is a time trend variable used to reflect macro-dynamic distresses. Error term v it is the measurement and specification Based on the model assignment, we can now define both the export and import efficiency with a specific trading partner i as follows:
where exp(LnX it ) is actual exports or imports and exp(Lnf(Y it ;)+ it ) proxies the highest feasible exports to or imports from country i respectively. The higher the TRE it is, the more efficient the exports/imports are, or closer to the frontier of exports/imports. The stochastic frontier gravity models are estimated by employing STATA version 13. In detail, this study used the time decay inefficiency built-in option (Battese & Coelli, 1992) to estimate u it :
η is a scalar parameter to be estimated and can be used to determine whether the efficiency increases, is constant or decreases. The last period (t=T) for trade between Vietnam and country i contains the benchmark level of efficiency. If η>0, the level of efficiency increases towards the benchmark level or the impact of country-specific man-made policy constraint to exports/imports increases over time; If η=0 or is insignificant, the level of efficiency remains constant or the impact of country-specific man-made policy constraint to exports/imports stays unchanged over time.
This method also applies to the parameterization of Battese and Corra (1977) , who replaced  u 2 and  v 2 with  2 = u 2 + v 2 and = u 2 /( u 2 + v 2 ). It can be said that  must take the value between 0 and 1. We can test whether we should put the error term u in the form of stochastic frontier function, or not, by testing the significance of the  parameter. If the null hypothesis, that  equals zero, is rejected, this would mean that  u 2 is non-zero and therefore the u term should be added into the model, leading to a specification with parameters that should be consistently estimated using the stochastic frontier approach.
This study utilizes panel data consisting of 30 Vietnam's bilateral trading partners period 1995-2015, that account for an average of 85% total international trade with the world. Table 4 shows the list of countries included in this study which were selected based on their relative importance to Vietnam exports in different regions including ASEAN, ASEAN+3, NAFTA, the European Union, and Others (Australia, New Zealand, India, and Russia). The main reason this study takes this period is because Vietnam joined ASEAN in 1995. We use a variety of data sources. Exports/imports data is taken from the International Monetary Fund (Direction of Trade Statistics-DOTS). Gross Domestic Products (GDP), Population (POP), Real Effective Exchange Rate, and all product tariff rates are taken from the World Bank database. Data on the weighted distance measured in kilometers (D) and land area (Area) are taken from the Centre d'Etudes Prospectives et d'Informations Internationales (CEPII). The economic freedom index (EF) is taken from the Heritage Foundation. The list of ASEAN member countries was taken from official website asean.org. Export/import, gross domestic products, Real Effective Exchange Rate, and distance are transformed to logarithms. Table 6 in the appendix shows the estimation results of stochastic frontier gravity model. In general, the estimators are analogous to our expectation.
Estimated Trade Efficiency
Estimated trade efficiencies are shown in Table 1 and 2, whereas Figure 1 plots the trend. Table 1 describes the estimation with Asian pacific countries, consisting of eight ASEAN countries, China, Japan, Korea, and Russian plus India. According to the definition, the estimated trade efficiencies should lie between 0% and 100%, where 100% implies that trade takes place at the frontier, the maximum possibility. In general, the empirical results infer that both export and import efficiencies of Vietnam improved considerably in period surveyed 1995-2015. Exports perform much more efficiently than imports do. The average export efficiency with ASEAN countries grew from 37.54% in the years between 1995 and 1999 to 48.73% in the period 2010-2015, while imports from ASEAN rose about one and a half times, from 19.94% to 33.41% in the same periods. In particular, the trade of Vietnam with Singapore outweighed 90%, which is very near to the highest potential. On the other side, the trade efficiencies with Thailand and Indonesia were still less than 30%, indicating that actual trade with these nations were far from the maximum likelihoods. The space for trade's growth are enormous. Due to the adverse effects of economic sanction imposed on Myanmar by the US, its trade efficiency with Vietnam was the least among ASEAN members, only below 5%. Regarding Vietnam's trade with China, Japan, and Korea, while efficiency of exports to Japan is the highest, followed by that to Korea, at 61.9% and 41.25% respectively, that of imports from Korea ranks first, then Japan with the levels being 83.83% and 36.91% respectively. It is worth mentioning that until 2015 the trade with China was still less than one fourth of the estimated maximum possibility. Although ASEAN-China FTA came into force since 2005, Vietnam, as a member of ASEAN, could take the advantage of this FTA regarding trade. In terms of exports, due to the intensive competition of similar products made in China, Vietnamese goods with high labor intensity such as textiles can not compete successfully and are unable to augment the export volume in order to reach the highest likelihood, which is principally defined by the economic size of trading partners. It is odds that efficiency of imports from China was a mere 19.08% while import volumes from China accounts for one third. The reason may come from the gravity model's properties that claim that the higher the similarity between two countries is, the more efficient the trade is. China is 50 times in GDP and 15 times in population for exports and import respectively. The efficiency with NAFTA's member countries is also moderate. In spite of the largest foreign market of Vietnam's goods (US 21.8%; China 12.4%, Japan 8.3% in 2015), the export efficiency was only 41.32%. Trade efficiency with Canada and Mexico were less than 20% and 10% of the maximum respectively. The estimation expresses that, if man-made trade resistances could be abolished, Vietnam's trade with those countries surveyed could grow substantially.
Trade Efficiencies and AFTA
Our estimation implies that, Vietnam's trade attained very high efficiency with a few countries such as Singapore, whereas performing at very low level with most of its trading partners, such as China, India, and Canada. In order to enhance the efficiency of Vietnam's trade, it is vital to identify driving determinants in diminishing the efficiency level. In this part, we employ regression analysis to discover those determinants. We consider the following regression models:
In equation (6) and (7), ASEAN is the dummy variable, taking value one for the member of ASEAN, zero otherwise. TR it and TRVN t are the weighted tariff levied by country i and Vietnam to imports respectively. High tariffs reduce the Vietnam's trade efficiency. EF it and EFVN t are the indexes of economic freedom of country i and Vietnam at year t, which is a composite measure by the Heritage Foundations of ten factors, separated into four categories namely, rule of law, limited government, regulatory efficiency, and open market. The indexes take value between 0 and 100 with higher indexes implying lower trade barriers. While the higher economic freedom in Vietnam results in an increase in Vietnam import flows, the greater economic freedom for trading partners induces a lift in their foreign trade flows. Thus, both economic freedom in Vietnam and its partners are predicted to increase Vietnam's trade efficiency. REER it and REERVN t are the real effective exchange rate of country i and Vietnam at year t. A devaluation of domestic currency is expected to boost exports and undermine imports. Note: numbers in parentheses are standard errors. *** significance at the 1% level; ** significance at the 5% level; * significance at the 10% level. Table 3 shows the regression results. The estimated coefficients of ASEAN are 0.3219 and 0.1453 for export and import respectively and all statistically significant at 1% level, suggesting that the ASEAN membership contributes positively to the Vietnam's trade efficiency. The estimated coefficients of tariff are negative and statistically significant, implying that tariffs levied by trading partners or by Vietnam plays as one of driving factors to undermine the trade efficiency between Vietnam and those countries. The trading partners' economic freedom significantly raised trade efficiency, diminishing the gap between the actual and potential trade. Vietnam's economic freedom coefficient is significant and positive, which reflected the achievements of Vietnam Economic Reform, the so-called "Doi Moi". The coefficient of LnREER is 0.0429 and significant at 10% level, whereas that of LnREERVN is -0.1157 and significant at 5%. It means that Vietnam can not enjoy the benefits from domestic currency's devaluation as its trading partners do. The low competitive ability of Vietnam's products is the main reason. Moreover, the loss of Vietnam dong value increases the price of imported inputs mainly used to produce exporting goods, which further deteriorates the competitive ability of Vietnam's exports.
It is worthy to explain the reason why export efficiency exceeds import's as we saw in Figure 1 . The adverse effects of Vietnam's trade balance deficit in the long term lead to a gap between exports and imports barriers. Trade deficit comes from the prolonged severe imbalance in the structure of export's and import's goods. To reduce the trade deficit, Vietnam in the past two decades has adjusted the exchange rate policy, implemented the restructuring of import and export goods, improved the institutional environment, and provided policies that promoted export industries. As a result, the export barriers are lower than those of import, reflecting the export-oriented industrialization of Vietnam. Vietnam's government has continued to implement policies restricting imports to protect domestic industries, the average tax rates of Vietnam are twice higher than its trading partners (11.4% versus 5.7%) (World Bank tariff database). Moreover, regression results showed that the absolute value of estimated coefficients of TRVN is five times higher than that of Tariff, lowering import efficiency much more than export efficiency.
Concluding Remarks
In this paper, we estimated the trade efficiency of Vietnam with its major trading partners and determined factors which affect Vietnam's trade efficiency. Stochastic gravity model was employed with data from 30 countries in the period 1995-2015. Our empirical results indicate that, Vietnam's trade is much below the highest potentials and exports contribute more to the overall efficiency than imports do. Although increasing over periods surveyed, 
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